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ABSTRACTHeat stress is a key factor affecting the productions of the animals.  In laying birds, it could cause loss of body weight and high mortality. To this end, a study was carried out in a naturally ventilated, tier-caged layer house to evaluate the environmental parameters and the heat stress index within the building during hot weather period. Throughout the study, the environmental parameters (air temperature, relative humidity and air velocity), inside and outside the experimental building were measured and recorded. The heat stress index using the temperature-humidity index (THI) was also estimated. The results of the study indicated that laying birds in this study were most of their lifetime subjected 
to hot conditions which could have a significant effect on their performances. It was also found out that the air velocity within the building was very low (0.07 ms-1 to 0.58 ms1) which could not provide a cool environment for the birds. The 
heat stress index (THI) inside laying bird building was found to be mostly influenced by high relative humidity compared 
to ambient temperature. Therefore, it would be appropriate if the airflow distribution inside the poultry building, in this 
study, could be evaluated using computational fluid dynamics to understand the velocity profile within the building. This could assist engineers to redesign the building and make it appropriate for laying birds in the humid tropical climate.
Keyword: Air temperature; Air velocity; Heat stress; Layer bird; Relative humidity; Temperature-humidity index.
RESUMENEl estrés por calor es un factor clave que afecta la producción de los animales. En aves ponedoras, puede causar pérdida de 
peso corporal y alta mortalidad. Con este fin, se realizó un estudio en una casa de capas enjaulada y ventilada naturalmente 
para evaluar los parámetros ambientales y el índice de estrés por calor dentro del edificio durante el período de clima cálido. A lo largo del estudio, se midieron y registraron los parámetros ambientales (temperatura del aire, humedad 
relativa y velocidad del aire), dentro y fuera del edificio experimental. También se calculó el índice de estrés por calor 
utilizando el índice de temperatura-humedad (THI). Los resultados del estudio indicaron que las aves ponedoras en este 
estudio estuvieron sometidas la mayor parte de su vida a condiciones de calor que podrían tener un efecto significativo 
en su desempeño. También se descubrió que la velocidad del aire dentro del edificio era muy baja (0.07ms-1 a 0.58ms-1) lo que no podía proporcionar un ambiente fresco para las aves. Se encontró que el índice de estrés por calor (THI) dentro 
del edificio de aves ponedoras está influenciado principalmente por la alta humedad relativa en comparación con la 
temperatura ambiente. Por lo tanto, sería apropiado evaluarse la distribución del flujo de aire dentro del edificio avícola, 
utilizando la dinámica de fluidos computacional para comprender el perfil de velocidad dentro del edificio. Esto podría 
ayudar a los ingenieros a rediseñar el edificio y hacerlo apropiado para poner aves en el clima tropical húmedo.
Palabras clave: Temperatura del aire; Velocidad del aire; Estrés por calor; Capa de pájaro; Humedad relativa; Índice de temperatura-humedad.
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INTRODUCTIONGlobally, poultry production (meat and eggs) has been the leading sector in the agricultural industry (1,2). It has 
recently intensified to meet up with the steady increase in the demand for poultry-based agricultural products (3,4). The population of Nigeria has been estimated to increase to 250 million by the year 2030 (5). However, poultry producers 
in Nigeria could find it difficult to meet up with the poultry-based products for human consumption due to the climatic condition (humid tropical climate) in the country. Generally, Nigeria is located on latitude 4 – 14°N and longitude 3 – 15°E and the country is known to be warm mostly throughout the year due to high temperatures ranging from 25 to 32°C (6). Therefore, providing cool environment for the birds could be challenging as it would require constant availability of power supply which could add to the cost of production of the poultry-based products.
Over the years, many studies have been carried out evaluating the productivity and profitability of poultry egg farming in Nigeria (7,8,9,10). Tijjani et al (10) conducted an economic analysis of poultry egg production in the northern part of Nigeria to estimate the cost incurred in poultry production and the returns. The authors indicated that the main problems in the region (Northern Nigeria) were the cost of feed, poor ventilation and poor veterinary and management practices among others. The prospects and challenges facing large scale poultry production were recently evaluated by Adeyemo and Onikoyi (11). They indicated that the major challenges confronting poultry production were poor feed quality, improper handling of eggs during incubation, high cost of feed, poor veterinary services and poor marketing strategies. 
In a study carried out by Ezeh et al (12), it was shown that flock size, feed consumption and labour input affected poultry production in the eastern region of Nigeria. It could be observed from the above research works that environmental conditions to which the birds were subjected were not considered. Environmental conditions play a crucial role in animal production and it has been indicated that animal performances could be directly related to the environmental conditions to which they are subjected (13,14).It has been shown that there are two main factors to control the thermal environment of the poultry building (15). The 
first is the knowledge of the poultry grower (farmer) about the thermoregulation of the birds. The second focusses on the environmental parameters required by the birds. Lack of understanding of the environment to which poultry birds are subjected could result in high mortality and poor production. The heat stress affecting poultry is majorly caused by the air temperature and relative humidity (16). These parameters have been indicated to be controlled by increasing the air movement within the poultry building. As reported by Blanes-Vidal et al (17), it is not appropriate to raise poultry birds in 
an environment with low air movement as it could result in heat stress which could cause significant mortality rates (18). This indicates that it is detrimental to raise poultry birds in the environments that would impair their activities (drinking 
and feeding) and the exhibition of natural behaviours like wing flapping, dust bathing, perching and distribution.Heat stress in livestock production could be explained as the combination of any environmental parameters (temperature, relative humidity and air velocity) creating conditions that are greater than the temperature range of the thermoregulatory 
zone of the animals. A change, either temporal or permanent, in the environment to which animals are kept could result in 
stress. The change could affect feed consumption, feed efficiency, growth rate, meat yield and quality and egg production 
of laying birds (19). In case of extreme weather conditions, it may be difficult to control heat stress in poultry birds. 
According to Kapetanov et al (20), it could be difficult to remove warm air surrounding adult birds by providing higher ventilation rate when the relative humidity within the poultry building is high. Many studies have evaluated the level of heat stress in poultry production using heat stress indices (19,21). However, since climatic conditions in different areas differ, there is still a need to evaluate the heat stress to which poultry birds experience based on the environmental conditions to which they are subjected in the humid tropical climate.Therefore, the objective of this study was to understand the climatic conditions to which poultry birds (layers) are subjected. In addition, the heat stress to which the birds are experiencing was evaluated based on the environmental parameters measured within the layer bird building so as to understand how to create suitable environment for the birds mostly during the hot weather periods. To this end, this study was set up to (1) measure and evaluate the environmental parameters (air temperature, relative humidity and air velocity) in the layer hens building; (2) determine the level of heat stress to which the birds were subjected. 
MATERIALS AND METHODS
Experimental site.   The study was carried out at Poultry Research Farm of the Federal University of Technology, Akure, Ondo State, Nigeria. The study area falls between the latitudes 7° 17’ 03’’ N to 7° 19’ 06’’ N and longitudes 5° 07’ 02’’ E to 5° 09’ 05’’ E. The area is characterised for having high temperatures ranging from 22°C to over 30°C throughout the year. 
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It also has two major seasons namely; rainy season (April to October) and dry season (November to March). It has an annual rainfall of about 2400 mm, which makes the region to be more humid.This research study was conducted in one of the naturally ventilated layer houses in the Research Farm. It is the largest house with dimensions 29.5 m (length), 9m (width) and 3.5 m (height). The house has a one-sided open roof designed to allow heat loss from the building (Figure 1). The house was located at about 7.5 m away from another house at the windward side (Figure 2) and surrounded by vegetations such as orange tree and plantains at the leeward side and one of its ends respectively. The houses were occupied with three sets of 3-tiered battery cages (Figure 2 and 3). The birds were manually fed by the farm workers while the watering system is automatically controlled. The droppings from the birds fall into about 0.7 m deep pit directly under the cages and daily washed into an opened outdoor pit where it could either be allowed to decay or used for agricultural purpose. 
Figure 1. Naturally ventilated poultry building views (a) windward side and (b) leeward side.
Figure 2. Floor plan view of the experimental site (House 1) showing the surrounding facility (House 2).
Instrumentations. In this study, data acquisition both within the house and the outdoor were hot wire anemometer (HT-9829) for indoor, fan wheel anemometer (AS836) for outdoor and temperature-hygrometer sensors (HTC-1) for both indoor and outdoor. The hot wire anemometer has accuracies of ±1°C and 1% for temperature and air velocity respectively, resolutions of 0.1 and 0.01 ms-1 for temperature and air velocity respectively and measurement ranges of 0–50°C and 0.1–25.0 ms-1 for temperature and air velocity respectively. The fan wheel anemometer has measurement ranges of 0–45°C and 0.0–45.0 ms-1 for temperature and air velocity respectively, accuracies of ±2°C and ±3% for temperature and air velocity respectively and resolutions of 0.2°C and 0.1 ms-1 for temperature and air velocity respectively. The temperature-hygrometer sensor has temperature and humidity measurement ranges of -10 to +50°C and 10–99% respectively, temperature and humidity resolutions of 0.1°C and 1% respectively and temperature and humidity measuring accuracies of ±2°C and 10% respectively. In this study, only the relative humidity of the temperature-hygrometer sensor was recorded since the other sensors have temperature sensors embedded in them.
a b
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Figure 3. Battery cages with laying birds
Experimental measurements. The measurements obtained during the study were, air temperatures (indoor and outdoor), relative humidity (indoor and outdoor) and air velocity (indoor and outdoor). All the sensors (hot wire anemometer, digital anemometer and temperature-hygrometer sensor) were installed both indoor (at the centre of the 
house) and outdoor (at the windward side of the house) at the height of 2.5 m above the floor (Figure 4). The study was conducted over a period of three hours when the climatic condition was considered to be harsh for poultry birds (22). Generally, in Nigeria, the climatic condition starts to be hot around 1100 H and lasts till around 1600 H. In this study, the three hours study was conducted between 1100 H and 1400 H. The environmental parameters were measured and recorded at an interval of 5 minutes. 
Figure 4. Sensors installations in (a) indoor (hot wire anemometer and temperature-hygrometer sensor) and (b) outdoor (fan wheel anemometer (oriented to the prevailing wind) and temperature-hygrometer sensor).
The heat stress index (THI) to which the laying hens were subjected to in the layer house was estimated using an expression developed by National Oceanic and Atmospheric Administration (NOAA) for the laying hen heat stress index and also used in other studies (19,23). The heat stress index for the laying birds (Equation 1) was developed based on the indoor temperature and relative humidity of the house since the heat stress is mostly assessed by the THI (24). 
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THI (Ti, Hi) = (9/5Ti + 32)- 11/2(1-Hi)(9/5Ti-26) where Ti  is the indoor temperature (°C) and Hi is the indoor relative humidity (%).
Data analysis. The data obtained during the study were processed with Microsoft Excel 2016 and analysed with SAS JMP 
Pro 13. The processed data were subjected to t-test (one tailed) to determine the level of significance between the indoor 
environmental parameters and the outdoor environmental parameters. The data analysed was subjected to a significance level of 5%.
RESULTS
Air temperature. The air temperatures variation inside and outside the layer house were measured and analysed. The 
results of the air temperature measured during the study are shown in Figure 5. The outdoor temperature fluctuated between 29 and 38.4°C while the indoor temperature steadily increased from 28.9°C to over 33°C. The panting rate, a potential indicator of heat stress of the laying birds, was monitored by an observer during the study to evaluate the level of heat stress in the building. It was discovered that the panting rate of the birds was high as the temperature increased. The result of the statistical analysis (t-test) indicated that there was a difference (p<0.0001) between the mean air temperature inside the house and the air temperature outside the house.
Figure 5. The air temperature inside and outside the laying birds building.
Relative Humidity. Figure 6 shows the relative humidity obtained both within and outside the layer house. As shown in Figure 6, outdoor relative humidity varied between 32.0% and 50.0% while the indoor relative humidity was initially high (79.0%) and steadily dropped to 59.0% after three hours. The result of the t-test analysis showed that there was a difference (p<0.0001) between the mean outdoor relative humidity and the mean indoor relative humidity.
Figure 6. The relative humidity within and outside the layer house.
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Air Velocity. The indoor and outdoor air velocity were evaluated to understand the level of air velocity to which the birds and the building were exposed to during the hot weather periods. Figure 7 illustrates the air velocity measured and recorded over three hours. It could be observed from Figure 7 that the outdoor and the indoor air velocities varied from 0.0 ms-1 to 1.68 ms-1 and 0.07 ms-1 to 0.58 ms1 respectively. The results of the t-test analysis carried out indicated that 
there was a significant difference (p=0.003) between the mean air velocity outside the building and the air velocity within the laying birds building.
Figure 7. Air velocity inside and outside the layers house. 
Layers Heat Stress Index (LHSI). The level of heat stress in the building, using an established heat stress index for laying birds, was estimated based on the temperature and the relative humidity within the building. Figure 8 shows the heat stress index of the layer house over the period that the study was carried out. As it could be observed from Figure 8, the heat stress was high (53.97) at around 1100 H when the study commenced and steadily reduced to 15.93 at around 1400 H. 
Figure 8. The heat stress index in the layer house
DISCUSSION
Air temperature. Subjecting poultry to the hot condition has been reported to be detrimental to their welfare and health (25). In this study, it was found that the temperature within the layer house could affect the productivity and normal 
behaviours of the birds. For laying birds (pullet), the upper critical temperature (UCT) of the thermal comfort zone, as suggested by Chang et al (26), should range between 24 and 26°C. However, in this study, it has been found that the indoor temperature of the house exceeded the thermal comfort zone required by the birds to thermoregulate easily. Exposing layers to high air temperature could increase their body temperature and could also cause high mortality, poor feed and water consumptions, slow growth rate, poor egg production, and aggressiveness (27–29).
Relative Humidity. The higher indoor relative humidity observed at the onset of the study could have occurred as a 
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result of the low indoor temperature observed when the study commenced. This relationship has earlier been reported by Nilius et al (30). They showed that relative humidity increased as the temperature reduced. Many factors could be responsible for the increase in the relative humidity recorded at the beginning of the study. The contributing factors could be the manure pit directly under the cages, moisture loss during panting and water drops from the drinkers (31). The adverse effects of high temperature and high relative humidity include; heat stress, increased body temperature, hormonal imbalance, poor animal performance, poor heat dissipation, respiratory disorder, disease outbreak, poor egg production, poor feed conversion (32).
Air Velocity. This study has shown that still air condition (no air movement) could occur outside the animal building and 
that it could significantly affect the air velocity distribution within the animal building. Similarly, the amount of air velocity obtained within the building may not provide adequate air movement required by the birds for their cooling during the weather period. It is expected that the air velocity in poultry building should be capable of preventing excessive heat and dangerous gases that could impair the welfare of birds (22). However, this study has shown that the air velocity in the layer house, where the study was conducted, may not be able to prevent excessive heat and dangerous gases from affecting the welfare of the layer birds. As suggested by Kavolelis et al (33), since the natural ventilation in the building 
was not sufficient to provide a cool environment for the birds, it is necessary to install fans in the building to improve air distribution, birds’ welfare and performances.
Layers Heat Stress Index. The high THI noticed at 1100 H could have been caused by the high relative humidity of 79.0% measured at the onset of the study. Similar results have been reported in which high heat stress was majorly caused by high relative humidity compared to ambient temperature (34,35). The performance of laying birds greatly depends 
on the heat stress they are subjected. Duduyemi et al (19), have classified the THI in laying birds as comfortable (<26), heat stress (26.0 – 29.0) and acute heat stress (>29). In this study, based on the report of Duduyemi et al (19), it could be observed that the laying birds in the humid tropical climate are mostly subjected to heat stress and acute heat stress and are less subjected to comfortable conditions during the hotter periods of the day (1100 to 1400 H). According to Duduyemi et al (19), the performance of laying bird could reduce as the THI increases above the threshold of 27.5.  In conclusion the indoor environmental parameters and the heat stress index of a laying bird house have been assessed. The results have shown that poultry birds, during the hotter periods of the day, are subjected to high environmental conditions (temperature and humidity) which could be detrimental to their performances. The only mechanism (air velocity) which has been reported to mitigate the impact of hot weather conditions on livestock production has been 
found to be insufficient as its level in the laying bird building was below 1.5 ms-1 recommended for poultry birds subjected to hot conditions. Similarly, birds are mostly subjected to heat stress throughout their lifetime due to high heat stress 
which is majorly influenced by high relative humidity. Therefore, there is a need for ventilation engineers in the humid tropical climate to design and develop a conducive environment for the laying birds which could enhance their performances. The engineers should also develop appropriate ventilation system(s) capable of improving the air movement in the poultry buildings most especially at the animal 
occupied zone. Further research work could be focussed on evaluating the laying bird building using computational fluid 
dynamics to understand the airflow pattern and air velocity distribution within the laying bird building. This would also assist the engineers to develop appropriate and suitable buildings for the battery-caged birds in the humid tropical climate. 
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